Background: Docetaxel (Taxotere ® ) is a potent anticancer agent, with proven efficacy as first-line therapy in non-small-cell lung cancer (NSCLC). The aim of this large randomised multicentre phase III study was to evaluate docetaxel in the neoadjuvant (pre-operative) setting.
Introduction
Induction (neoadjuvant) chemotherapy is being used ever more frequently for the treatment of stage III non-small-cell lung cancer (NSCLC). Cisplatin-based and other combination chemotherapies before or concurrent with thoracic radiation therapy or surgery have consistently reduced mortality and improved survival in clinical trials [1] [2] [3] [4] [5] [6] [7] [8] . Neoadjuvant therapy allows delivery of chemotherapy to the tumour through an intact vasculature, as well as the possible eradication of distant micrometastases [9] [10] [11] . Other potential advantages include increased efficacy of chemotherapy early in the course of the disease, a decreased incidence of positive surgical margins, a reduction in the extent of local surgery, and smaller radiation fields, resulting in less damage to normal tissue and loss of function. Importantly, it also has the potential to decrease the size of tumours, thereby facilitating resection or enhancing control with radiation therapy [10] . Although neoadjuvant therapy can be beneficial, it has certain drawbacks and limitations: the toxicity associated with cisplatin and other older neoadjuvant regimens can be significant.
In clinical studies, docetaxel has been shown to be one of the most effective drugs in advanced NSCLC [12] [13] [14] [15] . It has shown consistent activity against platinum-refractory NSCLC [16] [17] [18] as well as, more recently, an additive or synergistic effect when combined with other chemotherapeutic drugs [19] [20] [21] [22] [23] . Docetaxel has also recently been shown to improve the quality of life for cancer patients [13, [24] [25] [26] [27] [28] .
Previous studies of stage IIIA NSCLC patients undergoing neoadjuvant therapy before maximum locoregional treatment have not differentiated between N2 and T3 disease [4, 6] . This is important because stage III N2 patients have a worse prognosis than stage III T3 patients who do not have N2 disease. In this study, confirmation of TNM disease classification was based on computed tomography (CT) scans only (i.e. mediastinoscopy was not mandatory) before randomisation, and the efficacy analysis was also carried out according to clinical disease stage. The primary objective of this study was to evaluate the effect of docetaxel before local treatment on the survival of patients with stage IIIA or locally treatable stage IIIB NSCLC. Secondary objectives were to assess the response rate to docetaxel and time to disease progression. Preliminary results have been reported previously [29, 30] ; here we report the final results of the study.
Patients and methods

Patients
Patients with stage IIIA N2, IIIA T3 or IIIB NSCLC who were considered suitable for systemic neoadjuvant chemotherapy and local treatment (either radiotherapy or surgery) were enrolled from 15 countries. For patients to be included in the study, they had to have: histologically or cytologically confirmed previously untreated NSCLC; stage IIIA N2 (T0-3) or T3 (N0-1) disease according to TNM classification (based on CT scans only, i.e. mediastinoscopy was not mandatory), or locally treatable stage IIIB (T4, N3) disease; age ≥18 years with a World Health Organisation (WHO) performance status of two or more; total white blood cell count ≥4.0 × 10 9 /l; absolute neutrophils (including bands) ≥1.5 × 10 9 /l; platelets ≥100 × 10 9 /l; and adequate hepatic and renal function. Locally treatable stage IIIB disease was defined as disease suitable for curative-intention radiation therapy, of tumour stage T4 excluding malignant pleural effusion, or of nodal stage N3, and with the bulk of the tumour mass within a 10 × 10 cm field with reasonable margins and not compromising vital structures. Pregnant or lactating women were excluded, as were women of childbearing potential unless using an acceptable contraceptive method during the study. Patients with aspartate aminotransferase (AST) >3 × upper normal limit, alanine aminotransferase (ALT) >3 × upper normal limit, or alkaline phosphatase >6 × upper normal limit, symptomatic peripheral neuropathy, previous or current malignancies, uncontrolled infection or other serious medical conditions were also excluded.
Study protocol
Patients were recruited to this randomised multicentre phase III study between 1995 and 1999. Patients meeting the eligibility criteria were randomly assigned to one of the two study groups, docetaxel or control. Docetaxel (Taxotere ® ) was administered as a 1-h intravenous infusion every 3 weeks at a dose of 100 mg/m 2 . Patients received a maximum of three cycles before local surgery or curative-intention irradiation. Surgery or radiation was scheduled to commence within 6 weeks of day 1 of the third treatment cycle. Patients in the control group did not receive neoadjuvant chemotherapy before local surgery or curative-intention irradiation. The decision as to whether a patient would undergo local surgery or curative-intention irradiation was made at baseline by the clinician(s) responsible for the patient's management, based on the extent of tumour dissemination and the patient's ability to withstand local surgery. All randomly assigned patients were included in the intention-to-treat survival analysis. Patients were also analysed for efficacy in the treatment arm to which they were randomly assigned, and for safety according to the treatment they received. Patients who were randomly assigned to the docetaxel arm, but did not receive docetaxel and proceeded directly to local treatment, were analysed within the docetaxel arm for survival but in the control arm for safety. Patients who received at least two cycles of docetaxel were eligible for response assessment.
The study was performed in accordance with the Declaration of Helsinki (Hong Kong Amendment, 1989). Patients gave written informed consent before enrolment. The approved study protocol and the informed consent statements were reviewed by the ethics committee at each participating institution.
Efficacy parameters
The primary efficacy parameter was survival, defined as the interval between the date of random assignment and the date of death from any cause. Patients were censored at the date of last contact if there was no documentation of death.
Secondary efficacy parameters were time to disease progression and response rate in the docetaxel group. Time to progression was defined as the interval between the date of random assignment and the date of documented progression (or death due to malignant disease). Response was based on the WHO criteria for assessment of response.
Progressive disease was defined as >25% increase in the size of at least one bi-dimensionally or uni-dimensionally measurable lesion (in comparison with the measurements at nadir) or the appearance of a new lesion. The occurrence of a malignant pleural effusion (confirmed by cytology) was also considered progressive disease, although such effusions are usual after thoracic surgery. Patients who progressed before the second cycle of docetaxel were considered to have early progressive disease.
Safety assessments
The population analysed for safety consisted of all patients in the docetaxel group who had started at least one infusion of the drug, and all patients in the control arm who had started treatment. Safety and tolerability were assessed according to the type and frequency of adverse events, the haematological toxicity rate and the severity of febrile neutropenia, and laboratory parameters. Haematological toxicity was evaluated from measurements of haemoglobin, platelets, white blood cells and neutrophils. Laboratory parameters included alkaline phosphatase, AST, ALT, total bilirubin and serum creatinine.
Statistical considerations
Efficacy was evaluated in the intention-to-treat population. An analysis of all patients who completed treatment according to the protocol was also carried out. Confidence intervals for the response rates were calculated at the 95% level. Survival time was calculated using Kaplan-Meier analysis, and P values were calculated using the log-rank test.
Sample size calculations, based on the Bernstein and Lagakos method [31] , indicated that 292 patients were required to allow detection of a 50% increase in median survival with 85% power and a 5% level of significance. This was based on recruitment over a 24-month period with a minimum follow-up period of 12 months, and assumed that equal numbers of patients would be recruited to each of the three stage subgroups and that 5% of patients would be non-evaluable for the primary efficacy analysis.
Results
Patient characteristics
The desired sample size of 292 could not be achieved because of difficulties recruiting patients; instead 274 patients entered the trial. Multidisciplinary treatment for operable NSCLC was a new approach in the mid-1990s when this trial started, but neoadjuvant chemotherapy was well-established by the late 1990s and many centres were therefore reluctant to enrol patients in a study with no chemotherapy in the control arm.
One hundred and thirty-four patients were randomly assigned to receive docetaxel, and 140 to the control group. Patient characteristics (Table 1) were well-balanced between the two arms, and there were only a few patients (13% in the docetaxel arm, 11% in the control arm) with a WHO performance status of two. In the docetaxel arm there were 30 (22%), 57 (43%) and 46 (34%) patients with stage IIIA T3, IIIA N2 and IIIB disease, respectively. Similarly, in the control arm, the corresponding values were 32 (23%), 64 (46%) and 44 (31%), respectively. Of the 134 patients in the docetaxel arm, 89 (66%) completed the whole treatment protocol-docetaxel and local treatment. Reasons for discontinuing docetaxel treatment before receiving any local therapy were progressive disease (n = 14), adverse events (n = 4), consent withdrawal (n = 6), death (n = 7), lost to follow-up (n = 1) and other (n = 3). Local treatments for each group are detailed in Table 1 .
Treatment administration
A total of 348 cycles of docetaxel were administered, with a median of three cycles per patient. Neoadjuvant therapy with docetaxel was well-tolerated with 103 patients (77%) receiving all three planned cycles. Of the nine patients in the neoadjuvant arm who discontinued treatment due to an adverse event, four did so before receiving the local treatment. Of these, one withdrew due to an adverse haematological event judged possibly or probably related to the treatment.
Efficacy
The primary efficacy parameter, median survival time in the intention-to-treat population (follow-up data were not available for one patient in the docetaxel arm), was 14.8 months in the docetaxel group and 12.6 months in the control group (Table 2) . This difference was not statistically significant. When the data were analysed by disease stage, there were no statistically significant differences in survival for any of the stage subgroups, although median survival was numerically greater in the IIIA T3 and IIIB subgroups in the docetaxel arm, compared with the control arm ( Table 2) .
Of the secondary efficacy parameters, median time to disease progression in the intention-to-treat population was numerically, but not significantly, better in the docetaxel group (9.0 months) than in the control group (7.6 months) ( Figure 1 and Table 2 ). Among patients treated with docetaxel who were evaluable for response, three (3%) had a complete response and 25 (25%) had a partial response, giving an overall response rate of 28%. Only 19 patients (14%) in the docetaxel arm and 25 (18%) in the control arm underwent surgery (excluding explorative surgery). Of these surgical patients, 11 of 19 in the docetaxel arm and 14 of 25 in the control arm had stage IIIA N2 disease; five (docetaxel arm) and 11 (control arm) had stage IIIA T3 disease; and only three patients in the docetaxel group had stage IIIB disease. In the perioperative assessments of tumour resectability, 77% of resectable tumours in the docetaxel arm and 76% in the control arm were completely resected; 9 and 10% of tumours were partially resected in the docetaxel and control arms, respectively (Table 2) . Most patients (66%), however, underwent radiotherapy.
Safety and tolerability
Toxicity and safety were evaluable in 127 patients in the docetaxel arm and 131 in the control arm. Seven patients in the docetaxel arm and nine patients in the control arm were not treated.
Haematological toxicity is shown in Table 3 . The major toxicity was grade 4 neutropenia, which occurred in 69 (54.8%) of docetaxel-treated patients. Febrile neutropenia was observed in eight patients (6%). In the docetaxel group, of the 10 patients (8%) who developed grade 3/4 infections, two (2%) died. Two of the infections occurred during local treatment. In the control arm, five patients suffered grade 3 infections.
Non-haematological toxicity is shown in Table 4 . One of the three cases of grade 3 oesophagitis that occurred in the docetaxel group after local treatment was possibly or probably related to treatment. One case, which was not treatment-related, was observed in the control group. There was no increase in radiationrelated pulmonary toxicity (radiation pneumonitis) in the patients who received neoadjuvant docetaxel. Mild to moderate fluid retention was observed in 22 patients in the docetaxel arm and eight in the control arm. Elderly patients with chronic obstructive pulmonary disease and heart disease would be expected to suffer some degree of fluid retention. This may have been exacerbated by docetaxel treatment, but fluid retention was only ever mild and of no clinical significance.
Two of the seven deaths which occurred in the docetaxel group were judged to be docetaxel-related as they arose from the infections mentioned above. No National Cancer Institute grade 4 laboratory abnormalities (alkaline phosphatase, creatinine, AST, ALT, total bilirubin) occurred.
Discussion
This is the first reported large phase III study of neoadjuvant treatment using a new non-platinum drug, single-agent docetaxel, in NSCLC. The main reasons for selecting docetaxel for this neoadjuvant trial were its proven activity against NSCLC, and the fact that it has been shown to be safe and well-tolerated.
A trend toward longer survival was noted in the docetaxel group (14.8 versus 12.6 months in controls), although there was no statistically significant difference. Median survival was numerically greater for all the disease substage groups in the docetaxel arm than in the control arm, but the differences did not reach statistical significance. A trend toward a longer time to disease progression in the docetaxel group was apparent in the intentionto-treat population. More patients in the docetaxel arm than in the control arm were unable to have local treatment (26 versus 6%) . It is to be expected that a proportion of patients will progress during the 2-month delay in local treatment, while docetaxel is being administered, given the aggressive nature of locally advanced disease. However, as already mentioned, the overall survival figures in the intention-to-treat analysis favoured the patients receiving neoadjuvant docetaxel.
The majority of neoadjuvant studies in NSCLC have involved combination chemotherapy rather than single-agent chemotherapy. Interestingly, the neoadjuvant use of single-agent docetaxel has been studied more extensively in patients with metastatic breast cancer. Preliminary results from these studies are favourable and indicate that neoadjuvant single-agent chemotherapy with docetaxel induces high clinical and pathological response rates in this disease [32] [33] [34] . Previous studies of combination chemotherapy in NSCLC have consistently shown that neoadjuvant chemotherapy improves survival compared with surgery alone [4] [5] [6] [7] . These trials, however, included only stage IIIA patients (both IIIA T3 and IIIA N2 disease, all of whom underwent surgery), and have been criticised because they were small, the stage IIIA disease substages were not properly defined pre- Table 2 . Efficacy parameters (intention-to-treat population) a Response rate in the population evaluable for response to docetaxel (n = 101).
CI, confidence interval. operatively, and the known prognostic factors were inadequately balanced. Several trials of induction chemotherapy followed by conventional radiotherapy in inoperable stage III disease, including stage IIIA N2, have reported similar survival figures to ours. Dillman and co-workers [2] reported a median survival of 13.7 months in patients receiving induction therapy with cisplatin and vinblastine, versus 9.6 months for those treated with standard radiation therapy alone (P = 0.012). Updated results from this Cancer and Leukaemia Group B trial indicate median survival times of 13.7 months for patients treated with cisplatin/vinblastine induction chemotherapy versus 11.4 months for those given standard radiation (P = 0.04) [35, 36] . A French group reported a median survival of 12 months for patients receiving therapy with vindesine, lomustine, cisplatin and cyclophosphamide before and after radiation therapy, compared with 10 months for radiation therapy alone (P = 0.02) [37] . It is noteworthy that all of these studies involved patients with inoperable stage III disease (including IIIA N2 disease) but with excellent performance status and minimal weight loss, unlike the patients in our study. We were unable to attain the goal of enrolling 292 subjects with mostly operable stage III disease (IIIA T3) into our study. We were therefore obliged to include patients with stage IIIB disease, which is not normally considered operable, and is associated with a worse prognosis. A total of 77% of patients from both arms were inoperable, and 80% of all the patients underwent radiotherapy. This suggests that careful pre-selection of patients is necessary in order to have homogeneous, comparable groups and to identify those who will benefit from neoadjuvant therapy. Indeed, one of the aims of our study was to examine whether survival depended on disease stage, and therefore indirectly on operability. Unfortunately, possibly as a result of the small sample size, no significant differences between disease stages were observed.
Although neoadjuvant chemotherapy has been shown to be beneficial in many studies such as the ones cited here, before either surgery or radiotherapy, toxicity is frequently a problem when cisplatin-based regimens are used [35, 36] . The present study was undertaken because of the known effectiveness of docetaxel in advanced NSCLC, its significant activity against platinum-refractory NSCLC and its synergy in combination with other drugs [12, [14] [15] [16] suggested that it should be useful for neoadjuvant therapy of this disease. These attributes of docetaxel have since been confirmed in more recent studies [13, [19] [20] [21] [22] [23] . In our study, neoadjuvant docetaxel therapy was well-tolerated, with 103 patients (77%) completing all three planned cycles. Only nine docetaxel patients (7%) discontinued treatment because of an adverse event, whether or not related to treatment. Neutropenia and other haematological toxicities were within acceptable limits. Grade 4 neutropenia was the most common toxicity, which is consistent with other studies of docetaxel, but the number of episodes of neutropenic fever was relatively small and acceptable. Docetaxel did not have a deleterious effect on definitive therapy compared with the control arm. The incidence of oesophagitis and pneumonitis was similar in both the treatment and control arms (16 versus 10 patients).
In three phase II trials now in progress, docetaxel is being studied in combination with platinum agents as induction therapy in stage III patients [38] [39] [40] [41] . The neoadjuvant regimens involve doses of docetaxel ranging from 60 to 100 mg/m 2 every 3 weeks, administered together with carboplatin (AUC 5-7.5) or cisplatin at 40 mg/m 2 . High response rates of 68-82% have been reported, with complete resections possible in 69-79% of cases.
In conclusion, the results of our study are satisfactory, and similar to those seen in other studies in locally advanced, mainly inoperable NSCLC, and were achieved with relatively low toxicity. This suggests that docetaxel may be a useful non-platinum option for neoadjuvant chemotherapy, now standard treatment for stage III NSCLC. If the encouraging preliminary results of trials investigating neoadjuvant combinations of docetaxel and platinum agents are maintained [38] [39] [40] [41] , these combinations will also merit further investigation. Because of the heterogeneity of stage III NSCLC and inter-patient variability, further studies are needed in clearly comparable subsets of patients with stage III disease for whom a certain type of combined modality treatment should be recommended. It is particularly important that operable and inoperable patients should not be included in the same studies. Combinations of docetaxel with other drugs, with which it has additive or synergistic effects, should also be studied in the neoadjuvant setting. 
